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INTRODUCTION 

An assessment 'of t h e  n i t r o g e n  and oxygen heteroatom s p e c i e s  i n  coal-der ived prod- 
u c t s  i s  a complex y e t  impor tan t  a n a l y t i c a l  problem i n  f u e l  chemistry.  P r i n c i p a l l y ,  
t h i s  i s  because t h e  system i s  a m u l t i f a r i o u s  molecular  mixture  t h a t  does not  e a s i l y  
lend  i t s e l f  t o  d i r e c t  a n a l y s i s  of any one component O K  f u n c t i o n a l  group. A l b e i t  
t h i s  problem i s  not  new, t h e  c h a r a c t e r i z a t i o n  of t h e s e  heteroatoms i s  of immediate 
importance t o  f u r t h e r  process ing  of these  f u e l s .  We s h a l l  d e t a i l  t h e  methods and 
techniques  used t o  r a p i d l y  i s o l a t e  and/or  c h a r a c t e r i z e  both n i t r o g e n  and oxygen 
heteromolecular  s p e c i e s .  U t i l i z a t i o n  is made of so lvent  s e p a r a t i o n s ,  f u n c t i o n a l  
group type  s e p a r a t i o n ,  chemical d e r i v a t i z a t i o n ,  H C 1  sa l t  formation and t h e  use  of 
chromatographic and s p e c t r o m e t r i c  a n a l y t i c a l  methods t o  q u a n t i t a t e  o u r  r e s u l t s .  
S p e c i f i c a l l y ,  w e  a s c e r t a i n e d  t h e  kind and d i s t r i b u t i o n  of n i t rogen  and oxygen 
heteromolecules  i n  a c o a l  l i q u e f a c t i o n  product  and i n  a r e c y c l e  so lvent  used i n  
s o l v e n t  re f ined  c o a l  (SRC) process ing .  The c o a l  l i q u e f a c t i o n  product  w a s  f i r s t  
s o l v e n t  separated i n t o  o i l s ,  a s p h a l t e n e s ,  p reasphal tenes  and a s h ,  whi le  low b o i l i n g  
o i l s  ( l i g h t  o i l s )  t rapped  from knock-out tanks  and t h e  SRC recyc le  s o l v e n t  w e r e  
t r e a t e d  d i r e c t l y .  Ni t rogen  bases  were complexed as H C 1  adducts  o r  s e p a r a t e d  on 
ion-exchange r e s i n s .  Hydroxyl-containing s p e c i e s  from t h e  separa ted  f r a c t i o n s  were 
q u a n t i t a t e d  by i n f r a r e d  spectroscppy o r  by formation of a t r i m e t h y l s i l y l  e t h e r  
(TMS) and subsequent a n a l y s i s  by H NMR and mass spectrometry.  Hydroxyl s p e c i e s  
were a l s o  i s o l a t e d  on ion-exchange r e s i n s  o r  by s e l e c t i v e  grad ien t  e l u t i o n  from 
s i l ica  g e l .  

EXPERIMENTAL 

Solvent  Separat ion 

Coal l i q u e f a c t i o n  p r o d u c t s  were s o l v e n t  separated '  by f i r s t  f r e e z i n g  t h e  c o a l  
l i q u i d s  i n  l i q u i d  n i t r o g e n  and gr inding  them t o  f i n e  p a r t i c l e s .  This f rozen  o i l  
can be  e a s i l y  t r a n s f e r r e d  t o  a s t a i n l e s s  s tee l  c e n t r i f u g e  tube. P e s t i c i d e - g r a d e  
s o l v e n t s  were then used t o  s o l u  i l i z e  s p e c i f i c  f r a c t i o n s - - o i l s  (pentane) ,  asphal-  
t e n e s  (benzene), p r e a s p h a l t e n e s  ( te t rahydrofuran)  and coal-derived a s h  ( i n s o l u b l e  
i n  a l l  s o l v e n t s  used) .  By s t a r t i n g  wi th  a 3-4 gram sample, one (1)  l i t e r  of each 
s o l v e n t  i n  four  o r  f i v e  200 m l  p o r t i o n s  w a s  u s u a l l y  s u f f i c ' e n t  t o  e x t r a c t  t h e  
s o l u b l e s .  rpm a t  6'C f o r  10 
minutes .  
(65-85OC). 
a 20 m l  s o l u t i o n  of benzene/asphal tenes  w a s  swir led- in  a p a s k  and f l a s h  f rozen  i n  
l i q u i d  n i t rogen ,  and t h e  s o l v e n t  w a s  sublimed a t  10 
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t Inso lubles  w e r e  removed by c e n t r i f u g a t i o n  a t  1 0  
Solvents  were removed by n i t r o g e n  f l u s h  on a Rotovap using a water  ba th  

Asphaltenes w e r e  t r e a t e d  d i f f e r e n t l y  a t  t h e  f i n a l  so lvent  removal s t e p ;  

-10- t o r r  f o r  2-3 hours .  

H C 1  Treatment 

The o b j e c t i v e  of  t h i s  procedure w a s  t o  s e p a r a t e  andfor  concent ra te  bo th  n i t  o en 
heteromolecules  and hydroxyl-containing s p e c i e s  from coal-derived m a t e r i a l .  gGas- 
eous H C 1  was bubbled through a benzene o r  pentane s o l u t i o n  of the  c o a l  product  t o  
form a n  inso luble  H C l  adduct  wi th  molecules  conta in ing  a b a s i c  n i t r o g e n  atom. The 
adduct ,  a f t e r  being washed f r e e  of o t h e r  components, w a s  back t i t r a t e d  wi th  d i l u t e  
NaOH s o l u t i o n  t o  f r e e  t h e  base  n i t r o g e n  i n t o  a n  organic  phase, u s u a l l y  d i e t h y l  
e t h e r ,  methylene c h l o r i d e  o r  benzene. The two f r a c t i o n s  recovered c o n t a i n  a c i d /  
n e u t r a l  and n i t rogen  b a s e  m a t e r i a l ,  r e s p e c t i v e l y .  
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Hydroxyl S i l y l a t i o n  

O i l s ,  a spha l tenes  and preasphal tenes  w e r e  t r e a t e d  wi th  hexamethty2is i lazane (HMDS) 
t o  form a t r i m e t h y l s i l y l  e t h e r  (TMS) of a c t i v e  hydroxyl groups. ' A 50 mg sample 
of  coal-derived product  w a s  d i sso lved  i n  25 m l  of  benzene conta in ing  50 lJ1 of 
pyridine-d5. 
mine were added. 
Bunsen valve and mi ld ly  re f luxed  f o r  one hour wi th  occas iona l  s w i r l i n g  of the  
f l a s k .  Af te r  t h e  r e a c t i o n  was completed, s o l v e n t s  and unreacted reagents  were 
removed under n i t r o g e n  f l u s h  on a Rotovap and f i n a l l y  f r e e z e  d r i e d  from 5 m l  o f  
benzene f o r  30 minutes. A p o r t i o n  of t h e  f i n a l  product  w a s  ch c ed by i n f r a r e d  
spectroscopy (IR) f o r  d i sappearance  of t h e  OH band a t  3590 cm-'.k The remaining 
sample was d isso lved  i n  benzene-d6 and its pro ton  NMR spectrum taken and i n t e -  
gra ted .  From t h e  r e l a t i v e  areas of h e  peaks i n  t h e  proton NMR spectrum, a percent  
H a s  OH was c a l c u l a t e d  (Equation 1). 

To t h i s  s o l u t i o n  500 p1 each of HMDS and N-trimethylsilyldimethyla- 
This  mixture  w a s  maintained a s  a c losed system except  f o r  a small 
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TMS Area 

(7) + (Remaining Proton Area) 

(7) 
x 10' = % H a s  OH (1) 

TMS Area 

From an elemental  a n a l y s i s  of t h e  o r i g i n a l  sample, one can c a l c u l a t e  t h e  weight 
percent  oxygen as OH on a mois ture  and a s h  f r e e  b a s i s  (MAF). 

Combined Gas Chromatography-Mass Spectrometry (GCMS): 

The combined GCMS analyses  were performed us ing  a Dupont 490 mass spectrometer  
te r faced  t o  a Varian 1700 S e r i e s  gas  chromatograph, equipped wi th  an 80:20 g l a s s  
s p l i t t e r  and a f lame i o n i z a t i o n  d e t e c t o r .  The spectrometer  was a l s o  coupled t o  a 
Hewlett-Packard 2100A computer used f o r  spec t romet r ic  da ta  s t o r a g e  and reduct ion .  
The mass spectrometer  was opera ted  a t  a r e s o l u t i o n  of 600 and a n  i o n i z i n g  v o l t a g e  
o f  70 eV.  The i o n  source,  j e t  s e p a r a t o r  and g l a s s  l i n e  from the  chromatograph to 
t h e  mass spectrometer  were he ld  a t  275°C. The chromatographic e f f l u e n t  w a s  con- 
t inuous ly  scanned a t  a rate of four  seconds p e r  decade by t h e  m a s s  spec t rometer .  

The gas  chromatographic s e p a r a t i o n s  were e f f e c t e d  using a v a r i e t y  of c o n d i t i o n s .  
The n i t r o g e n  bases  and a c i d  f r a c t i o n s  from t h e  c o a l  l i q u e f a c t i o n  product  were 
chromatographed on a 10' x 1/4"  OD g l a s s  column packed wi th  100-120 mesh Supelco- 
p o r t  coated wi th  3% OV-17. Bases from t h e  SRC product  were chromatographed on a 
10'  by 1/8" OD g l a s s  column packed wi th  100-120 mesh Chromasorb-G coated wi th  2% 
OV-17. Gas chromatographic s e p a r a t i o n  of bases  from t h e  l i g h t  o i l  w a s  achieved 
us ing  a 10' x 1/8" OD g l a s s  column conta in ing  a c i d  washed and s i l y l  t r e a t e d  100-120 
mesh Supelcoport coated w i t h  3% Carbowax 20M. In each case  t h e  H e  flow r a t e  w a s  30 
cc/min and t h e  a n a l y s e s  were performed us ing  a p p r o p r i a t e  temperature  p r o g r a m i n g  
condi t ions .  

Column Chromatographic Separa t ion  

Coal-derived l i q u i d s ,  s o l u b l e  i n  pentane,  w e r e  separa ted  i n t o  f i v e  f r a c t i o n s :  
a c i d s ,  bases ,  n e u t r a l  n i t rogen ,  s a t u r a t e  hydrocarbons and aromatic  hydrocarbons. 
Acids were i s o l a t e d  us ing  anion-exchange r e s i n s ,  bases  wi th  cation-exchange r e s i n s ,  
and n e u t r a l  n i t r o g e n  by complexation wi th  f e r r i c  c h l o r i d e  adsorbed on Attapulgus 
c lay .  Those pentane s o l u b l e  hydrocarbons remaining were separa ted  on s i l i c a  g e l  to  
g i v e  the  non-adsorbed s a t u r a t e s  and t h e  moderately r e  a ined aromat ics .  
method i s  commonly r e f e r r e d  t o  as t h e  SARA technique.  

*Reference t o  s p e c i f i c  makes o r  models of equipment does n o t  imply endorsement by 

* 
in -  
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the  U. S. Energy Research and Development Adminis t ra t ion.  
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RESULTS AND DISCUSSION 

The cent r i fuged  c o a l  l i q u i d  product  (CLP) w a s  produced us ing  I r e l a n d  Mine, P i t t s -  
burgh seam,gWest V i r g i n i a  c o a l  i n  t h e  1 / 2  ton p e r  day SYNTHOIL Process  Development 
Unit  (PDU). 
pressure ,  450'C and no added c a t a l y s t .  The l i g h t  o i l s  were der ived from a c a t a -  
l y t i c  experiment (Harshaw 0402T) using Homestead Mine, Kentucky c o a l ,  under 4000 
p s i  p r e s s u r e  and 450°C. 

The c o a l  l i q u e f a c t i o n  product  w a s  so lvent  separa ted  by t h e  method previous ly  de- 
s c r i b e d  t o  y ie ld  t h e  d i s t r i b u t i o n  of f r a c t i o n s  given i n  Table l. Figure  l g i v e s  
t h e  atom weight percent  d i s t r i b u t i o n  of n i t r o g e n  and oxygen i n  t h e  s o l v e n t  sepa- 
r a t e d  f r a c t i o n s  l i s t e d  i n  Table l. 
separa ted  i n t o  f i v e  f r a c t i o n s  us ing  t h e  SARA chromatographic scheme. Table 2 l i s t s  
t h e  weight percents  of  the i n d i v i d u a l  f r a c t i o n s .  The asphal tenes  w e r e  t r e a t e d  wi th  
H C 1  t o  form a c i d / n e u t r a l  and b a s e  s u b f r a c t i o n s ,  63 and 37 weight percent ,  r e s p e c t i v e l y .  

The a c i d  and b a s e  f r a c t i o n s  from t h e  SARA s e p a r a t i o n  of t h e  o i l s  were subjec ted  t o  
a n a l y s i s  by combined GCMS and low v o l t a g e  low r e s o l u t i o n  mass spectrometry (LVLR). 
F igures  2 and 3 reproduce  t h e  g a s  chromatograms of  the base  and a c i d  f r a c t i o n s ,  
r e s p e c t i v e l y .  The oxygen conta in ing  s p e c i e s  shown i n  F igure  3 have been c l a s s i f i e d  
as a l k y l a t e d  phenols ,  i n d a n o l s / t e t r a l i n o l s ,  phenyl  phenols ,  and cyclohexyl  phenols. 
Table 3 l i s t s  t h e  carbon number range  and t e n t a t i v e  compound type assignments  f o r  
t h e  n i t r o g e n  he terpf lo lecules  i n  t h e  a c i d  and base  f r a c t i o n s  a s  determined by LVLR 
mass spectrometry.  Table  4 l i s ts  t h e  compound types  ass igned  to  t h e  base  f r a c -  
t i o n  o f  t h e  o i l s  by GCMS. 

Table 5 l i s t s  t h e  carbon number range d a t a  from t h e  HRMS a n a l y s i s  of  t h e  asphal-  
t e n e s  and t h e i r  a c i d / n e u t r a l  and base  s u b f r a c t i o n s .  61t must be  noted t h a t  at t h e  
o p e r a t i n g  condi t ions  of the s o l i d s  inlet ,  3OO0C, 10- t o r r ,  less than  50% of t h e  
these  m a t e r i a l s  could be  v o l a t i l i z e d .  These pre l iminary  s t u d i e s  have a l s o  i n d i -  
ca ted  t h e  presence of a l i m i t e d  number of d iaza-spec ies  from Z# = 8-18. 

The SYNTHOIL PDU c p p t a i n s  s e v e r a l  knock-out t r a p s  t h a t  condense low b o i l i n g  compo- 
nents ,  l i g h t  o i l s .  Nitrogen bases  i n  t h e  l i g h t  o i l s  were i s o l a t e d  by t h e i r  
p r e c i p i t a t i o n  w i t h  gaseous H C 1  and back t i t r a t e d  wi th  NaOH i n t o  d i e t h y l  e t h e r .  
These n i t r o g e n  b a s e s  c o n s t i t u t e d  3% by weight  of the  l i g h t  o i l s .  The g a s  chroma- 
tographic  p r o f i l e  of t h e s e  bases  is given i n  F igure  4. An earlier s tudy  of t h e s e  
l i g h t  o i l s  c h a r a c t e r i z e d  the  s a t u r a t e s ,  a m a t i c s  and a c i d i c  components separa ted  
by Fluorescence I n d i c a t o r  Analysis  (FIA) .'* The p r e s e n t  i n v e s t i g a t i o n  has  r e s u l t e d  
i n  t h e  f i r s t  q u a n t i t a t i v e  a n a l y s i s  of p y r i d i n e s  and a n i l i n e s  i n  an o i l  produced by 
t h e  hydrogenat ion of c o a l .  

Table  6 summarizes t h e  q u a n t i t a t i v e  r e s u l t s  from t h e  chromatogram of F igure  4 .  
i s  of i n t e r e s t  t o  p o i n t  o u t  t h a t  dur ing  t h i s  i n v e s t i g a t i o n ,  though numerous s u b s t i -  
tu ted  pyr id ines  were q u a n t i t a t e d ,  no evidence f o r  t h e  parent  w a s  found. Because 
t h e  techniques employed recovered components w i t h  b o i l i n g  p o i n t s  n e a r  t h a t  of pyri-  
d i n e  i t  is  suggested t h a t  t h i s  observa t ion  may be s i g n i f i c a n t .  I f  f r e e  p y r i d i n e  
was t rapped w i t h i n  t h e  c o a l  macromolecular s t r u c t u r e  i t  s u r e l y  would have been 
found i n  e i t h e r  t h e  l i g h t  o i l s  o r  t h e  pentane s o l u b l e  o i l s .  I f ,  on t h e  o t h e r  hand, 
p y r i d i n e  was a t t a c h e d  exo-, v i a  a s i n g l e  C-C bond, t o  a more complex molecular  
network, the hydrogenat ion  process  should have f r e e d  i t  i n t a c t .  But i f  t h e  n i t r o -  
gen heteroatom w a s  a n  i n t e g r a l  p a r t  of t h e  o r i g i n a l  c o a l  macromolecule, then 
hydrogenation would have cleaved a number of Ca-Cg bonds t o  produce a wide d i s t r i -  
bu t ion  of methylpyridines .  Table  6 shows t h i s  methyl s u b s t i t u t i o n  t rend .  Quant i -  
t a t i v e  r e s u l t s  i n d i c a t e  t h a t  2 ,3 ,6- t r imethylpyr id ine  is seven t imes more abundant 
than 2,3-dimethylpyridine and approximately t w i c e  as abundant a s  any o t h e r  methyl- 
pyr id ine .  

The source  of a n i l i n e s  and ,  i n  p a r t i c u l a r ,  t h e  observa t ion  of bo th  t h e  p a r e n t  and 
t h e  methyl s u b s t i t u t e d  a n i l i n e s  a r e  of i n t e r e s t .  

Operat ing c o n d i t i o n s  f o r  t h i s  experiment  were 4000 p s i  hydrogen 

The pentane s o l u b l e  o i l s  w e r e  subsequent ly  

I 

It 

Ani l ines  can  arise from hydro- 
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genat ion  of t h e  h e t e r o r i n g  i n  a fused r inf3sys tem fol lowed by breaking of t h e  bond 
between n i t r o g e n  and a n  a l i p h a t i c  carbon. 
d e r i v a t i v e  could be a source  of  t h e  a n i l i n e s .  Table  4 l ists  seven q u i n o l i n e s  found 
i n  t h e  o i l s  t h a t  could be  t h e  precursofy.  The presence of  t h e  parent  a n i l i n e ,  t h a t  
should r e a d i l y  be  hydrodeni t rogenated,  i s  s i g n i f i c a n t .  I f  d e a l k y l a t i o n  w a s  t h e  
same f o r  a l l  spec ies ,  why d i d n ' t  we see any of t h e  p a r e n t  pyr id ine?  
t h a t  t h e  p o t e n t i a l  a n i l i n e  m o i e t i e s  are l o c a t e d  near  t h e  per iphery  of t h e  c o a l  
macromolecule i n  c o n t r a s t  t o  t h e  pyr id ines .  
methylan i l ines  ( t o l u i d i n e s )  a r e  i n  abundance i n  t h e  o r d e r  meta > o r t h o  >> para > 
parent  a n i l i n e ,  and a l l  are g r e a t e r  than  t h e  d imethylan i l ines .  These i n t e r p r e t a -  
t i o n s  are based upon t h e  more d e t a i l e d  a n a l y s i s  of t h e  l i g h t  o i l s .  
evidence f o r  t h e  presence of  s i g n i f i c a n t  amounts of a l k y l a t e d  a n i l i n e s  and pyri-  
d i n e s  i n  t h e  pentane s o l u b l e  o i l s  from t h e  CLP have not  been repor ted .  

To complete t h i s  i n i t i a l  i n v e s t i g a t i o n  of  n i t r o g e n  s p e c i e s  w e  chose t o  l o o k  a t  t h e  
n i t r o g e n  compounds p r e s e n t  i n  t h e  r e c y c l e  s o l v e n t  used f o r  SRC process ing  and com- 
pare  them wi th  those  found i n  c o a l  l i q u e f a c t i o n  product  o i l s .  A f t e r  e x t r a c t i n g  t h e  
gross  benzene s o l u b l e s ,  they  were t r e a t e d  w i t h  HC1 t o  i s o l a t e  n i t r o g e n  bases .  This  
p a r t i c u l a r  sample had a s l i g h t  r e s i d u e  t h a t  w a s  benzene i n s o l u b l e .  
t h e  gas  chromatographic p r o f i l e  of  t h e s e  n i t r o g e n  bases  and summarizes t h e  promi- 
nent  s t r u c t u r a l  isomers. The b a s e  f r a c t i o n  from t h e  SRC so lvent  was less complex 
than  t h e  n i t rogen  bases  found i n  the  l i q u e f a c t i o n  o i l s ,  b u t  t h e  same p r i n c i p a l  
molecular  s p e c i e s  w e r e  found i n  both  samples. 

Therefore  quinol ine  and its a l k y l  

It could mean 

The q u a n t i t a t i v e  r e s u l t s  i n d i c a t e  t h a t  

To d a t e  d i r e c t  

F igure  5 g ives  

The presence of  hydroxyl groups i n  coal-der ived m a t e r i a l s  has  long been es tab-  
l i s h e d .  
t h e  t o t a l  oxygen. 
of  t h e  hydroxyl groups by an ion  exchange r e s i n  chromatography ( a c i d s )  o r  t h e  H C 1  
t rea tment  ( a c i d / n e u t r a l ) .  Once t h e  separation/concentration has  been made t h e  
sample is t r e a t e d  wi th  a d e r i v a t i z i n g  reagent  t o  form a t r i m e t h y l s i l y l  e t h e r ,  Ar-0- 
Si(CH3) 3 .  

It has  been shown t h a t  a l l  of t h e  hydroxyl  groups c o n t r i b u t i n g  t o  t h e  35906cm-l 
i n f r a r e d  band can be  q u a n t i t a t i v e l y  removed w i t h  t h e  d e r i v a t i z i n g  reagent .  The 
TMS e t h e r s  are next  examined by pro ton  NMR. The s i g n a l s  near  0 ppm r e p r e s e n t  t h e  
t r i m e t h y l s i l y l  (CH ) protons  from each of  t h e  hydroxyl d e r i v a t i v e s .  By i n t e g r a t -  
ing  t h e  a r e a  under3tze t o t a l  p ro ton  spectrum and a l lowing  f o r  t h e  9-fold i n t e n s i t y  
enhancement f o r  t h e  TMS area, t h e  percent  H as OH can be  c a l c u l a t e d .  Table  7 l i s t s  
some r e p r e s e n t a t i v e  de te rmina t ions  of hydroxyl conten t  from o i l s  and asphal tenes .  
The s i l y l  d e r i v a t i z a t i o n  q u a n t i t a t i o n  of hydroxyls  i n  asphalkenes has  been compared 

15 t o  t h e  i n f r a r e d  spec t roscopic  method of s tandard  a d d i t i o n s .  Our r e s u l t s  agreed 
t o  w i t h i n  10%. I n f r a r e d  d a t a ,  and t h o s e  from o t h e r s  working on similar f r a c t i o n s  
i n d i c a t e s  t h a t  t h e r e  is l i t t l e  i f  any carbonyl  oxygen (C=O) p r e s e n t  i n  c o a l  l ique-  
f a c t i o n  'products  produced i n  t h e  SYNTHOIL PDU. 
s t a n t i a l l y  a l l  of t h e  oxygen e x i s t s  as e i t h e r  hydroxyl (phenol ic  o r  b e n z y l i c )  o r  i n  
a n  e t h e r  l i n k a g e  (e.g. f u r a n ) .  

A u s e f u l  cor robora t ion  of t h e  NMR d a t a  and of  c h a r a c t e r i z i n g  t h e  a c i d  f r a c t i o n  of 
t h e  o i l s  is its mass spectrum b e f o r e  and a f t e r  TMS d e r i v a t i z a t i o n .  F igure  6 A and 
B shows t h e  a c i d  components from t h e  pentane s o l u b l e  o i l s  b e f o r e  and a f t e r  TMS 
d e r i v a t i z a t i o n ,  r e s p e c t i v e l y .  Note t h a t  t h e  mass peaks are s h i f t e d  72 amu t o  g i v e  
a n e a r l y  i d e n t i c a l  mass d i s t r i b u t i o n .  
pounds t h a t  d e f i n i t e l y  formed a TMS e t h e r .  From t h e  mass s p e c t r a l  d a t a  t h e r e  was 
a l s o  evidence f o r  trace amounts of indenol ,  naphthol  and phenanthrol  d e r i v a t i v e s .  

Our p r e s e n t  i n t e r e s t  is t o  d e f i n e  q u a n t i t a t i v e l y  t h e  OH as a percentage  of 
The s e p a r a t i o n  methods descr ibed  concent ra te  a high percentage  

Therefore ,  we conclude t h a t  sub- 

Table 8 lists those  hydroxyl  conta in ing  com- 
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Figure 1. Atom weight percent distribution of heteroatoms. 
A) Oils, B) Asphaltenes, C) Preasphaltenes, and 
D) Ash. 

Figure 2. Cas chromatogram of base fraction from a coal 
liquefaction product. Table 4 identifies major 
components. 
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Figure 5. Gas chromatogram of nitrogen bases from an SRC 
recycle solvent. 1) N-3 ring, e.g. acridine, 
2) methyl-N-3-ring, 3) azapyrene, 4)and 5) 
methylazapyrene. 
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Figure 6. Mass spectrum of acids'before (A) and after (B) TMS 
derivatization. Note change in mass scale. 
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